INTRODUCTION
Coral reefs around the world are under severe degradation due to anthropogenic stress and natural disturbances [1] . Bleaching in corals occurs when pigments such as symbiotic zooxanthellae decreases [2] . Some environmental phenomenon can affect the coral reefs life. Water temperature is one of the most effective physical parameters that affect the health of the coral reefs causing bleaching among the reefs [3, 4, 5, 6] . However, changes in some other environmental parameters such as solar irradiance, water chemistry situation, salinity, and wind can also play a role in bleaching of corals [7] . Even coral reefs health is sensitive to some biological phenomena such as harmful Algal Blooms (HABs) [8] . Satellite data sources can provide a continuous Sea Surface Temperature (SST) database. National Aeronautics and Space Administration (NASA) has provided an appropriate database for SST values which are extracted from different types of satellite sensors such as NOAA-Pathfinder and MODIS (Aqua and Terra). This database includes monthly mean SST values from 1985 to present with 4 km to 1 degree in spatial resolution which means is appropriate to extract data for local, regional and global studies. Also, National Oceanic and Atmospheric Administration (NOAA) have established a website to investigate and assess the environmental conditions of coral reef using satellite derived information [9] . These data and information comprise different kinds of products including Degree Heating Weeks (DHW), SST Anomaly, and raw SST data. Also, this database includes some alerts and hotspot areas which are affected and suspected for coral bleaching. Furthermore, a system has been developed which includes a prediction model for SST based on NOAA's Linear Inverse Model (LIM) and a bleaching thermal stress model (relates the coral bleaching Hotspot and DHW algorithms). This system forecasts regions of potential thermal stress conducive to coral bleaching ranging from one to 18 weeks [10] . While the Persian Gulf area comprises some unique kinds of coral reefs [11] , yet it is one of the most critical areas for coral reefs to stay alive, because the water temperature is higher than the other oceans [12] . Also, HABs phenomena such as red-tide have affected the Persian Gulf on 2008 [13, 14] , which had some impacts on the coral reef communities in this area [15] .
This research attempts to investigate the relationship between SST value fluctuations and bleaching in coral reefs around the Kish Island located in the northern parts of the Persian Gulf. Above mentioned NOAA-Pathfinder-5 SST data were applied to perform the statistical analyses of changes in water temperature values in the studied area. Direct underwater photography and photo-transecting by snorkeling were two main methods of field observation to allocate bleached corals in the studied area.
II. MATERIALS AND METHODS

A. Study area
Kish Island is located in the northern part of the Persian Gulf with the middle coordinates about 26° 32 N in latitude and 53° 58 E in longitude (Fig. 1) . The Island has a nearly elliptical shape covering ~90 km 2 area where the perimeter is ~40 km. The nearest distance between this Island and mainland of Iran is about 17 km. The maximum land elevation of this Island is about 40 m and it is in the middle of the area. The observed climate is very dry semi-equatorial, because the ratio of total annual rainfall (in millimeters) to mean annual temperature (in Celsius) is less than 2. Mean atmospheric humidity is ~60% and it is not so fluctuated. The tidal regime of the area is mixed with 1.8 m above lowest astronomical tide datum that causes some corals to be exposed. Main coral reef communities are located in the southeastern part of the island (named as Simorgh) within the depth range around 3 to 6 meters ( Fig. 1 ). 
B. Remotely-sensed data
American National Aeronautics and Space Administration (NASA) and National Oceanic and Atmospheric Administration (NOAA) have provided a wide range of raw images and also satellite derived SST value databases. These data are available from the early 70s when the first generation of NOAA satellites was launched. Accurate daily SSTs are available from 1985 when Advanced Very High Resolution Pathfinder SST project based on the accurate post processing techniques were developed [16] . Furthermore, NASA has prepared some appropriate websites for extracting the SST information worldwide. For example, The PO.DAAC Ocean ESIP Tool enables scientists to subset, plot, and view many of PO.DAAC's data products such as wind, currents, and SST [17] . In this research, Multi-Channel Sea Surface Temperature data were obtained from this database and were used in the analysis. Satellite data were provided by the Naval Oceanographic Office (NAVOCEANO). AVHRR-Pathfinder-5 SST data are available from 1985 through 2009. Fig. 2 shows the mean monthly SST values in the study area. 
C. In-situ observations
Two main field observation methods were applied in this research to map and to evaluate coral reef communities in the studied area. First one was underwater photography which enabled us to track the coral reefs in details with direct touch with them. Using second method, photo-transects were produced by snorkeling which prepared more data about the location and situation of corals. Multiple field visits were conducted during August 2007 when the meteorological records were at an alarming level with respect to anomalous SST values.
1) Underwater photography
This method is useful when the benthic habitats such as coral reefs are not visible from the water surface (because of depth or high level of turbidity). To implement this method, underwater cameras were used. Particularly for this research, a SONY ® T100 camera was used (Fig. 3, B) . This method is very accurate to interpret the benthic habitats because the diver is in direct contact with them and can prepare some remarks (including benthic habitat type, quality of corals, etc.) to each of those images.In order to implement this method, it is necessary to synchronize the time of hand-held the GPS and photo-cam (Fig. 3, A) .
The track option of GPS was settled on, with 1 second time interval during all observation time. This will be subsequently useful to identify the location of underwater photos during post pressing stage. Afterwards, GPS was covered by a waterproof pack and attached to a special buoy floating on the water surface (Fig. 3, B) . The connection between diver and the GPS was installed by a rope and diver tried to control the length of rope according to the depth of diving somehow the GPS stay afloat and also perpendicular to himself (Fig. 3, C) . which can help the GPS stay afloat during diver observations, hand-held GPS covered by a water-proof bag (middle), and photo-cam is packed in a water proof pack (right), C) diver is taking underwater photo while GPS is connected to him with a rope and is perpendicularly floating over him.
Finally, the coordinates of photos were extracted with reference to the tracking records and their acquisition time. The results obtained from this method were point-wise data showing information about the benthic habitats which are located in deeper areas.
2) Photo-transecting by snorkeling
This method is similar to the earlier mentioned method but diver has not to dive in the water depth. Here it is essential to synchronize the photo-cam and GPS clocks. Then, the diver swam on the surface of water and took several photos along a line transect (Fig. 4, A) . It was desired that the photos taken have some overlapping with each other because it will be much easier and more accurate to generate final continuous photo transect. Since the photos were taken from the surface of water, it is necessary that the benthic habitat be visible. This is the limitation of this method which is due to amount of water turbidity and also depth of objects. Therefore, this method was implemented during low-tide situation and in calm weather when the sea water was clearer.
Some geo-referenced mosaics were generated from the photos extracted from GPS records by overlapping between them Afterwards, different types of benthic habitats (e.g. live and dead corals, etc.) were digitized and then the topologic and GIS-based data and information produced and were used in further analysis (Fig 4, B) .
III. RESULTS AND DISCUSSION
The results obtained from the analyses on remotely sensed SST values illustrated some critical dates during 1985 to 2009. Particularly, mean monthly SST values of February 1992 was increasingly lesser than the same months in other years, whereas in August 1998 and 2007 this value was ~1.5°C
higher than other similar dates during the mentioned 25 years (Fig. 5 A) . So far, no report is published about the effects of abnormal coldness of water in winter of 1992 on the coral reefs in the studied area. In contrary, there are several reports and publications were encountered regarding the massive bleaching in the Persian Gulf during summers of 1998 and 2007 [18, 19, 20, 21, 22] when the mean annual water temperature was ~1°C higher than normal situation (Fig. 5 B) . Specifically, for the studied area, a massive bleaching was reported in August 2007 when the in situ measured water temperature exceeded 36°C during this month [23] . Based on various reports about global warming, the overall temperature of tropical ocean waters will increase 1-3°C by 2099, which is similar to the current situation of the Persian Gulf. This indicates that we can consider the condition of coral reefs of the Persian Gulf as an evidence for situation of coral reefs of other tropical areas in future [12] .
The data extracted from field observations showed that ~90% of coral reefs of the studied area were affected by the bleaching phenomenon during August 2007 at different levels. The amounts of impact of heated water were quite different in accordance to the type of coral reefs. For example, Acropora were bleached first and suffered heaviest mortality than all other corals. To a lesser degree, Faviids were under severe stress due to this impending phenomenon. On the contrary, other corals such as Platygyra and Porites have so far been able to survive [19, 23] . Fortunately, recent field observations revealed that most of the coral reefs are recovering, if the conditions such as water temperature and the amount of suspended loads remain normal at least for some years. 
ACKNOWLEDGMENT
The authors wish to thank Mr. K. Samimi-Namin for his scientific advices and Mr. N. Ghassemi, for his kind helps in field observations. We also thank Mrs. M. Mohammadi and her colleagues in the Kish Free Zone Organization (KFZO, http://kish.ir), whom prepared us accommodation and many facilities to implement field observations. This research is fully supported by the UPM-RUGS project grant number 05-01-11-1283RU with vote number 9199892.
